We estimated the global living wage gap (LWG) as $US674 billion per year, which is comparable to the gross domestic product (GDP) of Switzerland. India (IND), the largest LWG country, contributed 32% of the global LWG. For a pair of jeans, closing the gap increases low-skilled cotton and textile wages in IND by 137% and 52%, respectively, while the retail price would increase only by 8% if consumed in Western countries. However, we found that most of the outputs with large LWGs from lowincome countries are consumed domestically, suggesting that (a) closing the gap significantly increases the domestic price of products such as agriculture and textiles in low-income countries; and that (b) living wage premiums in high-income countries alone have a limited impact on closing the global LWG. The results highlight the need for both ethical trade and domestic living wage initiatives to close global LWGs.
Introduction
Keynes argued that protective measures are required to ensure that prices support nutrition and living standards for producers, and consumers are not entitled to expect that prices should fall below these standards (Keynes, 1974 (Keynes, , 1980 . The recent introduction of living wages to a range of ethical trading standards (ISEAL, 2013; FLO, 2014 FLO, , 2015 ETI, 2015 ETI, , 2016 conforms with Keynes' idea of protective measures.
The concept of a living wage has a long history and has been operationalized in industrialized countries over the past century in minimum wage campaigns (Figart, 2004; Stabile, 2008; Anker, 2011) and more broadly by the International Labour Organization (ILO) and the United Nations (UN) to support the rights of workers (Anker, 2011) . The living wage also caps the number of working hours (Anker, 2011) but does not capture all ethical considerations for labor in global production chains. Instead, living wages is a measure of absolute poverty (Anker, 2006a) , which provides an indicator for broader concepts of well-being (UN, 2005) . Absolute poverty is also the most common measure in national statistics and favored where hunger and the inability to meet basic needs are more pronounced (UN, 2005) .
Although the concept of living wages is increasingly widely recognized, to our best knowledge, the magnitude of the LWG has not been quantified at the global level. Furthermore, the change in the prices of goods and services to close the gap has not been reported in the literature. Addressing this research gap has two challenges, (a) quantify the LWG at a global level, and (b) calculating the ripple effect of costs throughout the supply chain. Calculating the LWG requires defining a standard for the living wage and calculating the difference to current wages. Calculating the effect throughout the supply chain requires modeling of direct and indirect economic relationships such as the LWG in the inputs to a production process as well as between the intermediaries that lie between the producer and consumer.
Our research contributes to a number of ongoing discussions in the literature including indirect economic relationships in the fair trade movement (Jaffee, 2014; Luetchford, 2014) , the monitoring of compliance to ethical labor standards (Gourevitch, 2011; ETI, 2015; Gualandris et al., 2015; Werner and Lim, 2016; Wilhelm et al., 2016) as well as the modeling of labor in global supply chains (Alsamawi et al., 2014a,b; Gomez-Paredes et al., 2015; ILO, 2016) .
Method
The method applied in this research sought to estimate the LWG, which is the difference between the current and living wage, and the implications of closing it on the prices to be borne by the downstream supply chain and final consumers. First, we present an economywide analysis using a multiregional input-output (MRIO) model to understand the price change implications of living wage payments and to calculate the global LWG. Second, we illustrate the price changes for closing the LWG at the product scale by considering jeans produced in India (IND) and sold in USA.
Living wage determination
The living wage is defined in this study as the 'hourly wage rate required to support a household at the poverty line' (Anker, 2006a, p. 312) . The living wage is a political concept which draws upon values such as decency, fairness and the importance of families and may change by location and time (Anker, 2011) . Anker (2011) reviewed living wage methodologies and has developed a manual to provide a consistent approach to quantifying the living wage ('Anker's Method') (Anker and Anker, 2017 ). Anker's Method has been adopted by the global living wage coalition (GLWC) which encompasses a number of organizations that focus on labeling of ethical trade (ISEAL, 2013) . The GLWC developed a set of living wage benchmarks based on Anker's Method (Khalid, 2015) . However, the number of GLWC benchmarks is limited and additional living wage estimates are required to model the LWG in global supply chains. Therefore, additional estimates are developed based on the relationship of the living wage to the basic costs, which define absolute poverty (Anker, 2006b) .
Quantifying absolute poverty for the measurement of living wage needs to address the (a) referencing and (b) identification problems (World Bank, 2015, p. 37) . The referencing problem is the challenge of defining the adequate minimum level of well-being at which an individual is not considered poor in the specific local context. The identification problem is the challenge of defining the level of income to meet the minimum level of well-being (World Bank, 2015) .
In this analysis, the identification problem is addressed by drawing on the relationship of the food share and median income to the living wage. The relationship between the food share of a household budget and the poverty line is known as Engel's Law. Data for household food budgets is coupled together with food shares by income class to estimate the poverty line (Anker, 2006b) . The income is then expressed as a living wage using Anker's Method. In addition, the living wage was also estimated based on the relationship of the median income to the living wage line by income class (Anker, 2006a) . The income class is defined using the World Bank 2011 classification of country by income groups, namely low, lower-middle, upper-middle and high-income countries (World Bank, 1989 . The Supplementary Data provides a summary of each step of the calculation, assumed food shares and ratios as well as the application of Anker's Method.
Data used for the living wage calculation
The food costs applied in this research are based upon data from the living wage map (LWM) (WI, 2016) . The LWM collects local food prices, and combines these with national food consumption patterns from the Food and Agriculture Organisation (Guzi and Kahanec, 2014) . The calorie requirement is set to 2100 kcal/day following the World Bank proposal of nutritional requirements for good health (Guzi and Kahanec, 2014) . The World Bank proposal can be viewed as a minimum; the average calorie intakes for Africa and the world in 2009 were 2600 and 2800 kcal/day, respectively (Guzi and Kahanec, 2014) . The LWM considers the nutritional requirements of the food basket using the balanced diet by the World Health Organisation (WHO) (Guzi and Kahanec, 2014) . Such a consideration is critical for lower-income countries because national food consumption patterns may reflect the lack of income to buy nutritional food, despite the calorie count (Guzi and Kahanec, 2014; Anker and Anker, 2017) .
The LWM local food prices, the use of national food consumption patterns and the adjustment for nutritional requirements are similar to Anker's 'practical optimisation approach' for a model living wage diet (Anker and Anker, 2017, p. 50) . Differences include detailed considerations of calorie requirements based on age, sex, body size and physical activity for a typical family. However, the LWM calorie intake of 2100 kcal/day is modified for children following the default recommendation of 1895 kcal/day for children with moderate activity in Anker's Method (Anker and Anker, 2017) . Besides, Anker's Method requires in situ collection of food prices from locations where workers shop for food (Anker and Anker, 2017) , while the LWM uses an online Cost of Living Survey, although available comparisons suggest only a small difference to prices collected in situ (Kabina, 2015) .
Food and nonfood costs for the living wage were estimated using the median income as estimated by the Organisation for Economic Co-operation and Development (OECD) (OECD, 2016) . For countries not covered by the OECD data, median incomes were derived from the World Bank's 'Povcal' database (Diofasi and Birdsall, 2016) . The ratio of median income to living wage estimates was calculated by World Bank income class using existing living wage estimates which included Anker (2006a) and estimates from the GLWC for Brazil (BRA) (de Freitas Barbosa et al., 2016) and IND (Mamkoottam and Kaicker, 2016) . For the countries and income classes not covered by these data sources, we calculated the living wage following the food share approach. The Supplementary Data lists the data used for Anker's Method as well as financial assumptions for inflation, exchange rates and income tax rates.
Skill level and income
The Mincerian Earnings Function defines the return on education (Soderbom et al., 2015) . The function has a convex relationship between income and education for many developing countries (Soderbom et al., 2015) and remains convex up to about 15 years of education and concave after that point (Trostel et al., 2002) . This suggests that a convex relationship between earnings and education is a reasonable assumption for low-to-medium-skilled workers in developing countries, which is the focus of the LWG calculation in this article.
The earnings function can be applied to a subset of an economy such as industry or product scales by specifying the skill mix at that level of disaggregation. For example, if the mix of skill levels in an industry is the same as the broader economy, then the percentage change in income to meet a livings wage gap will be the same in both scales based on the earnings function. In other words, the homogeneity of skills rather than homogeneity of economic outputs provides a basis for applying the earnings function to a subset of the economy. This relationship is used to apply the results from an industry-by-industry input-output model to data for a particular product.
Selection of a global MRIO model
The main criteria for the selection of the global MRIO model was the availability of data to support the calculation of the LWG in global supply chains, namely income and working hours by skill level. We used the 2013 release of the World Input Output Database (WIOD) , because the detailed SocioEconomic Accounts (SEA) provides both pieces of information. The Global Trade Analysis Project (GTAP ) model, in contrast, considers only two skill levels and assumes a flat 40 h/week for the calculation of hourly wage rates (Walmsley and Carrico, 2013) . WIOD defines three skill levels low, medium and high (Timmers, 2012) based on the classification of educational attainment in the International Standard Classification of Education (ISCE) (UNESCO, 1996) . Details of the correspondence of WIOD skill levels and ISCE educational attainment is provided in the Supplementary Data. WIOD reports income and working hours by skill level which also enables the LWG to be calculated by skill level.
However, the selection of the MRIO model based on data availability introduces a number of limitations; WIOD limits the classification of the economy to 35 industries and uses an industry-by-industry table format. In comparison, other models such as Eora retain the detail in the original input-output tables including the use of industry-product tables which can contain up to 500 products in some economies (Lenzen et al., 2013; Tukker and Dietzenbacher, 2013) . The use of industry-by-industry format also means that price variations for the LWG are modelled for a mixed bundle of goods and services produced by an industry. Industry-by-commodity tables address the issue of secondary products and are the preferable basis for price models (Rueda-Cantuche, 2011). However, existing industry-byproduct MRIOs do not have sufficiently detailed SEA to calculate a LWG using working hours and labor income by skill level. In addition, the product classification for an industryby-product table is often too coarse, and analyzing a detailed product category often requires additional data and models (Suh et al. 2004) .
Another important limitation of WIOD, and MRIO models in general, is the coverage of low-income countries. Low-income countries have a large informal sector which lacks official governance and is not captured in national accounts (Guha-Kasnobis et al., 2006) (ILO, 2013) . For example, WIOD contains country specific data for 29 high, 9 upper-middle, 2 lower-middle [IND and Indonesia (IDN)] and no low-income countries. In comparison, the World Bank classification of 215 countries includes 36 low, 54 lower-middle, 54 uppermiddle and 71 high-income countries.
In this analysis, countries not represented in WIOD are aggregated into the Rest of World (RoW) region, for which SEA data is not available. Erumbun et al. (2012) documents the approach for each country included in the WIOD. The under representation of lowincome countries is not a large limitation in terms of capturing global production and trade because the RoW only represents 15% of world production (Timmers, 2012) . However, the under representation of low-income countries limits the application of the MRIO method in regions where payments to close the LWG are most needed.
The LWG
The following equations provide a summary of the calculation procedure for the LWG. Equation (1) is a summary of Anker's Method for calculating the living wage and detailed calculations for each term is provided in the Supplementary Data.
Equation (1) calculates the gross living wage of region j, l gross j as a function of the cost of basic needs for a family, c basic needs j divided by the number of full-time equivalent workers per family, f j and adjusted for tax and statutory deductions, t j .
Equations (2-8) calculate the LWG by comparing l gross j to current wages in WIOD. The subscripts are reserved for variable dimensions where i, j and s refer to industry classification, region and skill level, respectively. In the application using WIOD, the region distinguishes country-level details, and the skill level distinguishes low, medium and high levels of skill. The superscript % denotes the percentage share of each skill level, s.
Equations (2) and (3) calculate the hours worked, h, and the wages, w, by skill levels. By dividing hours worked by wages, an hourly wage rate by skill level is derived (Equation (4)). 
Equation (5) calculates the annual wage based on the ILO convention for the maximum working hours per week (ILO, 1919) , which follows Anker's Method for addressing excessive work hours (Anker, 2011; Bhattacharjee and Roy, 2012; FLO, 2014 FLO, , 2015 Guzi and Kahanec, 2014; ETI, 2015) .
Equation (6) calculates the LWG, Dv LWG i;j;s , subject to the conditions in Equation (7). The global LWG, Dv GLWG is simply the sum of the LWGs across all skills, industries and regions, Equation (8).
Finally, the LWG is derived as a percentage change of existing wages, Dw % i;j;s in Equation (9). 
Price model
Input-output models describe the interactions among industries and consumers through production and consumption of goods and services, the use of production factors, and creation and distribution of value added. The Leontief price model, a dual of Leontief quantity model, determines the price as a function of value-added by sector (v) and the input-output structure of an economy (A) which is expressed in Equation (9) using matrix mathematics,
where p is price by industry, A is the direct input coefficient and prime ( 0 ) transposes a matrix or a vector (Miller and Blair, 2009) . From Equation (10), the change in price due to a change in value added under the same input-output structure can be derived:
Dietzenbacher (1997) showed that Ghosh's allocative model (Ghosh, 1958) can be interpreted as a cost push model that is analogous to the Leontief price model. In this framework, the effect on price is expressed in direct and indirect interactions among industries and the changes in value added. This mechanism of cost transfer toward the downstream supply chain is explained using the cost push model. First, the increase in value added (e.g. wage or profit) of production causes an increase in the price of the good or service produced-referred to as the direct contribution to price. Second, the increased price is passed downstream to suppliers that use the good or service as an input for their own production, referred to as the indirect contribution to price. This cost push propagates down the supply chain until it reaches the end consumer, forming a new price structure for the commodities based on changes in value added in production.
This approach assumes that the changes in price in downstream supply chain follow the changes in value added and do not affect the volume of consumption. In other words, consumption is inelastic to price, and there is no price-driven substitution among products. The framework provides an indication of the price that consumers should pay for the existing consumption basket under the current supply chain structure when LWGs are closed. It does not consider consumer responses to price shocks.
The resulting price increases needed for closing the LWG should be interpreted as the living wages that are not paid across the supply chain, which is an attributional and static concept, rather than the price increases when living wages are paid, which is a causal and dynamic concept (Suh and Yang, 2014; Cucurachi and Suh, 2017) .
Identifying the major contributors in the supply chain
Structural Path Analysis (SPA) (Treloar, 1997; Defourny and Thorbecke, 1984; Lenzen, 2003 ) is used to identify supply chains paths that have a large contribution to the change in price. The SPA quantifies the contribution of a single transaction (or a supply path) to the total cumulative metric accrued throughout the supply chain. In this study, the SPA quantifies the contribution of living way payment by a supply chain path in the total increase in price to be eventually paid by an end consumer. The SPA also provides insight into data collection for the case study. The Matlab code used for the SPA calculations is provided in the Supplementary Data.
Method used for the case study of jeans
The case study focuses on jeans produced in IND and sold in high-income countries or Western countries (Europe and USA) and draws upon existing studies (Miller, 2009; Miller and Williams, 2009; Miller, 2013) . The wage costs to produce jeans in IND were increased by the percentage change for industry wages to close the LWG. The product price model was then used to recalculate prices along the supply chain, including agents' fees and taxes which are levied as a percentage of the new prices.
The data for the product supply chain focuses on the value added and the contribution to price rather than the technical details of production. For example, the supply chain simply starts with the fabric price which contains the value added for agricultural processes. The remaining stages include cut and make, trim, agent's commission, duty, freight, clearance and inland freight, private label markup, less markdown charge-back and retail markup which result in the full retail price (the consumer purchasers' price). Miller (2009) calculates the price of the product by adding the value added of each production process to the price of its inputs along the supply chain. The price of the inputs captures indirect and direct interactions. However, following the Leontief price model, a change in value added will change the price of the inputs based on the technical coefficients-Equation (9). This means that a change in value added to meet the LWG will require consideration of industry interactions.
Closing the global living wage gap
The first step of the method for generalizing the case study is to express the supply chain data as a flow matrix, X jean , value added account, v jean , final demand and total input and output. The second stage of the case study method applies the MRIO changes in value added for a living wage of an industry sector to the production processes in the case study. This assumes that the production process is typical of the broader industry, such as the Indian production of jeans is assumed to be typical the broader Indian textile industry. The WIOD industry shares of labor and capital as well as wages by skill level are then used to disaggregate the value added reported by Miller (2009) . The percentage change in wages to close the LWG, Dw % i;j;s ; was then applied to wages, w k;i;j;s , for process k, to calculate the LWG for the jeans, Dv jean LWG k;i;j;s as outlined in Equation (12). The change in price for the jeans, Dp jean LWG k;i;j;s , as a result of Dv jean LWG k;i;j;s is then calculated using the Leontief price model as outlined in Equation (13). Taxes, transport and retail were included and the prices expressed as purchasers' price. The example is also used to demonstrate the basic matrix calculations for the price model and each step is provided in the Supplementary Data. 
The calculation procedure does not consider all aspects of value that may affect the social formation of price. It is also important to stress that the ethical position focuses on measuring how much a consumer should pay to ensure living wages throughout the supply chain rather than market values and modeling of prices for how much a consumer is willing to pay. Figure 1 presents 36 industry-country pairs which have a price increase of more than 5%. All prices in this section are basic prices and do not include margins such as transport and taxes. While the largest percentage price change is about 78% for private households in Mexico (MEX), the price change reduces rapidly across the list to 5% for 'Wholesale Trade and Commission Trade' in Turkey (TUR). The price change continues to diminish for the remaining industry-country pairs and only 102 of the 1435 industry-country pairs have a meaningful price change (greater than 1%) (see the Supplementary Data).
Results

Economy-wide analysis results
Percentage change in basic prices
This suggests that provision of living wages has a small effect on price change at a global level for most industries. The largest price changes are concentrated in a relatively small number of countries and industries. Two-thirds of the industry country pairs in Figure 1 belong to three countries, namely BRA, IND and IDN. Over two-thirds of the industry-country pairs in Figure 1 belong to eight industries, namely private households, agriculture, 'Food, beverages and tobacco' (food), 'Hotels and Restaurants', 'Wood and products of wood' (wood), 'Other Community, Social and Personal Services', 'Leather, leather and footwear' (footwear) and textiles. As compared to the 8% increase in the end consumer price of Indian jeans previously calculated under the case study, the economy-wide analysis came up with a slightly higher price increase of 11% for Indian textile industry. The textile industry in BRA also had a similar price increase of 13%. Figure 1 also presents the price change in terms of the direct and indirect economic interactions. The direct price change refers to the LWG within an industry. The indirect price change refers the LWG in industries in the supply chain. For example, the textile industry has a direct price change from the LWG within the textile industry. It also has an indirect price change from the LWG in the agriculture industry that supplies cotton to the textile industry. Indirect price changes are an important consideration for labeling of products for meeting living wage requirements. Some industries in Figure 1 have a price change greater than 5% but do not have a LWG within the industry as shown in Figure 2 . As a result, a product label for living wages needs to consider both direct and indirect economic interactions to communicate living wage compliance to the consumer. Indirect price changes are important for industries such as textiles, footwear and any industry that draws heavily upon agriculture such as food and wood.
Direct price changes are important for industries that have relatively small inputs from other sectors of the economy. For example, the direct price change was important for industries such as agriculture and ranged between 83% for Russia (RUS) and 91% for IDN of the price change reported in Figure 1 . The direct price change was also important in most countries for private households and accounted for 100% of the price change reported in Figure 1 . An exception was IND where the direct price change was 95% due to its industry classification which includes household-based businesses. Figure 2 presents the LWG per capita by skill level. In general, the LWG reflects the skill level as well as the cost of living in each country. Low-skilled labor has the greatest LWG in most countries. High-skilled labor has a LWG in only a fraction of the industries presented.
LWG by skill level and industry
Interestingly, the LWG in absolute value is largest in high-income countries such as Canada (CAN) and lowest in lower-middle-income countries such as IND. This is in part a consequence of using US dollars and market exchange rates for a particular year rather than using purchasing power parity-adjusted prices. The high LWG for 'Private Households with Employed Persons' (private households) in CAN is partly a function of the exchange rate in 2011. For example Applying 2017 Canadian exchange rates reduce the LWG by about $10 000/person/year. The financial conversions follow Anker's Method for updates of living wage estimates which focus on the effect of high inflation within a country rather than exchange rates for expressing the results in US dollars (Anker and Anker, 2017) . The significance of the living gap can also be gauged from the perspective of the industry LWG-the size of the LWG for a whole industry-country pair-as shown in Figure 3 .
The industry LWG is particularly large for 'Agriculture, Hunting, Forestry and Fishing' (agriculture) in IND and BRA. This contrasts with the relatively small per capita LWG in agriculture in IND. From this perspective, the per capita LWG reflects the very large number of people in agriculture in IND and BRA that have a LWG. Figure 3 also shows the contribution of each industry-country pair to the global LWG. The global LWG is the sum of LWGs for all industry-country pairs in the global economy. The global LWG is an order of magnitude estimate to convey the size of the LWG in the global economy and its distribution by country and skill level. The global LWG wage gap was estimated to be US$674 billion per year, which is comparable to the Gross Domestic Product of Switzerland (World Bank, 2017) .
The countries with the largest LWGs are IND, BRA and China which account for 32, 28 and 18% of the global LWG. These proportions also reflect the main industry LWGs in Figure 3 -such as agriculture in IND which represents 28.5% of the GLWG. In fact, the industry country pairs in Figure 3 capture 92% of the global LWG. Low-skill workers account for 69% of the global LWG, medium skill 28% and high skill about 3%. Figure 4 presents the share of industry output that goes to the domestic economy or for trade. This indicates the degree to which the LWG can be addressed through trade. Agricultural products are the focus of existing Fairtrade Labeling Organisation (FLO) labeling. Figure 2 shows that most of the agricultural output is consumed domestically. The share of agricultural exports are 1, 4, 4, 5, 11 and 16% for Japan, IDN, RUS, IND, MEX and BRA, respectively. As a result, the cost for closing the LWG in agriculture will be borne largely by the domestic consumers in each country. Alternatively, the LWG in agriculture could be met by consumers in high-income countries. For example, BRA has a relatively large share of agriculture that is exported and could potentially cover the LWG for all of Brazilian agriculture. However, this would require a relatively large increase in the export price because the living wage cost would become more than six times greater, that is, 16% of the consumption needs to cover 100% of the living wage cost.
Domestic and export supply
New FLO standards have also recently been developed for textiles which require living wages to be implemented within the next 6 years (FLO, 2016b) . Industries such as textiles and footwear in countries such as IND have a relatively large fraction of exports (21%) and suggests an important focus for the new FLO standards. Some industries also have a large share of exports despite the apparent local focus of the services, such as 'Hotels and restaurants' and 'Private households with employed persons'. This is a function of the broad industry categories in the input-output model where employment, such as employees of a household, are directly engaged in production which is then exported. 
Important supply chain paths for living wage costs in Indian textiles
The LWG in agriculture had over two and half times the effect on the price of textiles than the LWG within the textile industry itself ( Figure 5 ). This illustrated that agriculture is an important focus for closing the LWG for Indian textile products. Conversely, only considering the textile production stage would address only about 28% of the LWG for the whole supply chain for an Indian textile product. The Supplementary Data provides a detailed analysis of the supply chain paths that create this effect within the economy. Figure 6 presents the supply chain costs to produce a pair of jeans in IND for retail in Western countries based upon Miller (2009) . The percentage change in price from living wages along the supply chain is also shown.
Case study: jeans produced in IND
In summary, closing the LWG has a large effect when the price is small in the early stage of the supply chain and a small effect at the end of the supply chain when the price is elevated as values are added along the supply chain. The increase in wages to close the LWG for Indian agriculture was 137, 90 and 31% for low-, medium-and high-skilled labor, respectively. This resulted in a 65% increase in the price for cotton. Further wage increases of 52% for low-and 10% for medium-skilled labor in Indian textile sector resulted in a 32% increase in the free on board price (the price to deliver to the buyer and cleared for export) of textiles. However, brand and retail markups in Western countries are relatively large, so that living wage costs in the early stage of the supply chain only contribute about 8% to the final retail price. This is an additional cost of about $3, which increases the price from $36.71 to $39.75.
This result suggests that the price increase to close the LWG in low-income countries is relatively small from a Western consumer point of view, confirming the common belief that closing the LWG does not cost much (Miller, 2009 ).
Discussion
Ethical trade provides a mechanism for addressing the LWG by transferring payments from consumers back to producers. The discussion considers the application of the results to existing ethical trade initiatives as well as limitations and future research needs.
Ethical trade organizations, such as the FLO, pay producers an additional amount, known as a premium, for meeting ethical trade standards. Our results can support FLO decision-making for setting premiums that cover living wage requirement in new FLO standards (FLO, 2014 (FLO, , 2015 . The results suggest that current premiums will need to increase significantly to close the LWG in traded products. For example, the Fairtrade premium for high-profile products such as coffee and chocolate is 15 and 10% of the floor price (FLO, 2016a) . The current premium for cotton seed is 5% of the 'ex-works' price (delivered to the buyer but not cleared for export) (FLO, 2016a) . In comparison, the results suggest that closing the LWG will increase agricultural prices up to 6, 22, 41 and 56% for RUS, IDN, BRA and IND respectively. This finding suggests that the current premium for cotton would cover much of the LWG in RUS but would need to increase by an order of magnitude to close the LWG in Indian agriculture. This also suggests that the way premiums are set will need to reflect the living gap in each country. The FLO currently sets the same premium for all countries based on a percentage of the global price.
The results also highlight the need for clear labeling of the extent that living wages are addressed throughout the supply chain. For example, FLO standards for textiles allow a label of compliance to be given for only part of the supply chain, such as a label for living wages in cut and sewing operations for textiles (FLO, 2016b) . However, cotton production has a much larger LWG than cut and sewing operations in countries such as IND. This suggests that a label for cut and sewing operations would need to inform the consumer that most of the LWG for the product has not been addressed. This is particularly important for consumer decision-making based on the social value of ethical products and to maintain confidence in labels.
The results can also support consumer decision-making for ethical products by quantifying the change in price for closing the LWG. The case study results suggest that cost of closing the LWG is relatively small for consumers in high-income countries. The price for jeans produced in IND increased by about $3 for a high-income consumer to pay for living wages throughout the supply chain. Without an awareness of the potential costs for ethical production, a consumer may be under the impressions that increases in purchasers prices will be greater than their willingness to pay. Conversely, a consumer may unrealistically demand retail prices lower than the costs to meet ethical standards. From the perspective of the textile industry, it is generally accepted that living wage costs would have a small effect on retail prices (Miller, 2009) . Defining the labor costs may also change buying practices in the textile industry to increase the compliance with living wages standards in the supply chain (Miller, 2013) . However, the fast pace of the fashion industry and the complexity of buyer and supplier interactions would require detailed and current data for costs (Miller, 2013) .
In addition, the scope of ethical trade to address the global LWG is limited in two ways. Firstly, much of the global LWG is contained in production that is consumed within a country. For example, IND only exports about 5% of agricultural output. This suggests that the LWG for 95% of Indian agriculture needs to be addressed domestically. Secondly, ethical trade is only a small fraction of the volume of goods that are exported. For example, leading FLO products of coffee, tea, bananas, cocoa and sugar represent only about 0.9, 0.3, 0.3, 0.25 and 0.003% of global production in 2007 /2008 (Auld, 2014 . The LWG calculated for Indian agriculture is approximately 8.4% of Indian GDP in 2011 (World Bank, 2017) . While this is a significant proportion of the Indian economy, it compares to the average annual GDP growth rate of 7.6% in IND over the past decade (World Bank, 2017) , which suggests the potential for IND to address its LWG in agriculture over time. There is also the potential for fair trade organizations to exert a greater influence in countries that have a larger export share and LWG. This potential is exemplified by BRA which has a relatively large export share for agriculture of 16% as well as a large industry LWG. BRA also suggests the potential to consider fair trade for industries other than agriculture. For example, the Brazilian footwear industry has a LWG as well as an export share of 25%.
The living wage provides a quantitative indicator for a broader definition of well-being. The living wage can be complemented with other approaches such as an issue-based analysis of compliance to ILO guidelines in the global economy (Gomez-Paredes et al., 2015) . Broader consideration of well-being also highlights challenges for implementing living wages in lower-income countries. For example, addressing the LWG for agriculture in lower-income countries may cause increases in food prices and also exacerbate poverty in other sectors of the economy. In this context, broader social policy such as the ILO Social Protection Floor (SPF) (ILO, 2011 (ILO, , 2013 (ILO, , 2015 may be more appropriate.
The modeling approach also has a number of data and methodological limitations. The lack of detailed living wage estimates based on Anker's Method was addressed using estimates based on the relation of food shares and the median wage to absolute poverty. This provides estimates that are an average of 630% of estimates based on Anker's Method. However, the results may be an underestimate because the detailed living wage estimates based on Anker's Method were generally greater than the estimates based on food shares and median income. The living wage estimates were considered suitable for modeling living wages in global trade but can lead to large errors for individual countries. In addition, living wages can vary within a country between rural and urban settings (Anker and Anker, 2017) as well as for different family types (Ciscel, 2004; Anker, 2006b) . There is also a data gap for low-income countries which relates to the large informal sector of the economy (Guha- Kasnobis et al. 2006; ILO, 2013) . For example, approximately 92% of employment was in the informal economy in IND in 2012 and most of these workers had low earnings and limited or no social protection (IHD, 2014) . These limitations are reflected in the MRIO structure and can be addressed using modeling techniques that draw upon context-specific data-known as hybrid methods (Suh et al., 2004) . The SPA provides guidance to focus the data collection on areas that have the largest effect on the results. The hybrid approach can accommodate detailed data such as from Anker's Method as well as capture the indirect economic interactions which have been identified as a challenge for ethical trade initiatives (Jaffee, 2014) .
Conclusions
We calculated a first-cut estimate of the LWG in the global economy as $US674 billion per year. This amount is comparable to the GDP of the world's 19th economy, Switzerland. Among the countries that our data could distinguish, IND was the largest contributor, being responsible for about 32% of the global LWG.
Our results showed that closing the LWG in low-income countries for products such as textiles has a small effect on the retail price when sold in Western countries, confirming the common belief. However, we also found that export is only a small fraction of the global production with large LWGs, and much of the LWG is outside of the reach of ethical trade. This suggests the importance of measures to address absolute poverty within each country.
Our analysis of price requirements showed that closing the LWG in low-income countries may require large price increases for domestic consumers of low-income countries. In particular, agriculture in low-income countries such as Indian and BRA had large LWGs which can lead to large price increases for domestic consumers and presents challenges for implementation. The large LWG for agriculture in low-income countries also suggests that large increases will be required for premiums paid by ethical trade organizations to producers. The LWG in agriculture also flows through to other products such as textiles. In this case, the LWG was actually greater from agricultural inputs than within the textile industry itself. This is particularly important for new textile standards where components of the supply chain, such as the fabrication stage within the textile industry, can be labeled as complying with living wage standards.
Our research highlights the needs of domestic policy to address LWGs in addition to ethical trade initiatives. Our results suggest that the two approaches need to be implemented in tandem in order to close the global LWG. Further research is suggested to include more lowincome countries in global economic models and to refine estimates of the LWG within each country.
Supplementary material
Supplementary material is available at Socio-Economic Review online.
